INTRODUCTION
============

Dental erosion is a relatively new risk factor for dental health, introduced by today's lifestyle. This dental lesion is defined as loss of tooth substance by chemical processes not involving bacteria caused by a variety of extrinsic and intrinsic factors.[@b1-0010010] Demineralisation of tooth by erosion is caused by frequent contact between the tooth surface and acids. Extrinsic factors are related to frequent consumption of acidic foodstuffs or beverages and exposure to acidic contaminants in the working environment.[@b2-0010010] In modern societies the extrinsic factor is becoming more important, due to the increased consumption of acid drinks as soft drinks, sport drinks, fruit juices and fruit teas.[@b3-0010010]

Clinical observation suggests that the length of time the teeth are bathed in the acidic environment is more crucial to erosion than the volume of beverage consumed. It is known that carbonated drinks are frequently held in the mouth until all the bubbles have dissipated. Hence contact time of carbonated drinks with the teeth can be much longer than for non-carbonated beverages.[@b4-0010010]--[@b6-0010010]

Furthermore, the total acid level, acid type, concentration of phosphate, calcium and fluoride in the drinks have a modifying effect on the development of erosion induced by dietary components.[@b7-0010010]--[@b9-0010010]

Thus, the aim of this in vitro study was to evaluate the erosive potential of five soft drinks, relating the surface softening of enamel to concentrations of fluoride and phosphate, buffering capacity and pH of these drinks.

MATERIALS AND METHODS
=====================

Chemical analysis of soft drinks
--------------------------------

Five soft drinks commonly available in the Brazilian market were chosen for this study (Coca-Cola®, Coca-Cola Light®, Pepsi Twist®, Guaraná Kuat®, Sprite Light®). Each drink was evaluated with respect to its concentration of ions of dental interest. Phosphate was analyzed colourimetrically using Fiske, Subarrow method[@b10-0010010] (Cary 50, Pharmacia Biotech, Cambridge, England). Fluoride was analyzed by a specific electrode (Orion 9609), after buffering the samples with an equal volume of TI-SAB II. The pH was determined by glass electrode immediately after opening the bottle. The buffering capacity was determined by monitoring pH, after serial additions of 0.025 mL 0.2 mol/L NaOH in 3 mL of each drink. For comparative purposes, the volume of NaOH necessary to change the pH of the each drink in one unit was calculated.

Cycles of de-remineralisation
-----------------------------

Enamel blocks (4 x 4 x 3 mm) were prepared from recently extracted and sound bovine incisors sterilized by storage in 2% formaldehyde solution (pH 7.0) for 30 days at room temperature. Enamel surface of the blocks was ground flat with water-cooled carborundum discs (320, 600 and 1200 grades of Al~2~O~3~ papers; Buehler, Lake Bluff, IL, USA), and polished with felt papers wet with diamond spray (1 μm; Buehler) for surface microhardness determination (five indentations in different regions of the blocks, 25 g, 5 s, HMV-2000; Shimadzu Corporation, Tokyo, Japan).

One hundred blocks with a mean surface microhardness between 335 and 380 Knoop Hardness Number (KHN), were randomly divided into 5 groups corresponding to each soft drink. In the first 24 hours, the blocks were immersed in artificial saliva. After that, they were subjected to four cycles of demineralisation and remineralisation. One complete cycle comprised the following steps: (1) Demineralisation in 15 mL of the drink for 10 min. under gentle agitation at 37°C; (2) remineralisation in 30 mL of artificial saliva for 60 min. under gentle agitation at 37°C. After each treatment, specimens were rinsed under deionized water.

Analysis of enamel surface microhardness
----------------------------------------

The enamel surface microhardness was measured as described earlier and an average per group was obtained. Ten indentations on each specimen were made at a distance of 100 μm each, five initially on sound enamel surface (SMH) and five after the demineralisation/remineralisation cycles (SMH1). Using these measurements, the percentage of superficial microhardness change (%SMHC) was calculated (%SMHC=\[\[SMH1-SMH\]/SMH\]\*100).

Statistical analysis
--------------------

The assumptions of equality of variances and normal distribution of errors were checked for all the variables tested. Since the assumptions were satisfied, ANOVA and Tukey's post hoc tests were carried out for statistical comparisons among %SMHC caused by the drinks. The correlations among %SMHC and the variables such as pH, buffering capacity, phosphate and fluoride content in drinks were analyzed using Pearson's correlation coefficient. The significance level was set at 5%.

RESULTS
=======

[Table 1](#t1-0010010){ref-type="table"} shows the concentrations of fluoride and phosphate, as well as the buffering capacity and pH of all drinks. [Table 2](#t2-0010010){ref-type="table"} describes the initial and final SMH and the %SMHC of all drinks: C=77.27%, CL= 72.45%, SL=78.43%, G=66.65% and P=67.95%. Comparing the %SMHC promoted by 5 soft drinks, (SL = C \> CL \> P = G) (P\<.05).

Pearson's correlation coefficient was applied to all beverages, correlating the %SMHC to the variables evaluated ([Table 3](#t3-0010010){ref-type="table"}). There was no correlation among %SMHC and chemical variables of the five drinks. Despite a negative correlation was found between the %SMHC and pH (r=−0.819), it was not statistically significant (P=.09).

DISCUSSION
==========

The Sprite Light® and Coca-Cola®, that showed the highest buffering capacity and the lowest pH respectively, had the most pronounced erosive effect on bovine enamel. In agreement, Larsen and Nyvad[@b11-0010010] state that the potential of a soft drink to erode dental enamel depends not only on the pH, but also on its buffering capacity that is the ability of the drink to resist a change of pH (to maintain its pH). The higher the buffering capacity of a drink, the higher its erosive effect. The fact that Sprite Light®, even presenting a higher pH (3.6), had a similar effect on %SMHC when compared to Coca-Cola® (pH=2.9), is probably due to its higher buffering capacity. These variables may be influenced by the concentrations of different ions, such as phosphate, fluoride and calcium. Despite Sprite Light® has a higher fluoride concentration, but a lower phosphate concentration than Coca-Cola®, this study was not able to compare the drinks in respect to the concentrations of these ions, because only one sample of each beverage was analysed.

The presence of different types of acids also may help to explain the difference in pH and buffering effect, since Coca-Cola® and Sprite Light® have phosphoric and citric acids, respectively, according to information obtained from manufacturers. The effect of the type of acid and the amount of ionized acids on mineral dissolution had been demonstrated earlier.[@b12-0010010] The literature is contradictory regarding the erosive potential of beverages containing citric acid or phosphoric acid. Some studies have shown that beverages containing citric acid are more erosive than those containing phosphoric acid,[@b13-0010010]--[@b15-0010010] while others have shown the opposite.[@b16-0010010],[@b17-0010010]

However, in the present study a significant correlation was not observed between the %SMHC and buffering capacity of the drinks. In fact, a negative correlation was found between the %SMHC and the pH, but this difference was not statistically significant.

The concentration of phosphate in the drinks was low, except for the cola drinks, due to the presence of phosphoric acid, and did not affect the %SMHC. The rather low concentrations of fluoride in the drinks did not affect the %SMHC. Sprite Light®, which had the highest fluoride concentration, had also the highest % SMHC.

In the literature, the effect of fluoride on dental erosion has been studied under various conditions with conflicting results.[@b14-0010010],[@b18-0010010]--[@b21-0010010] It is possible that the increase in the concentrations of fluoride in acid drinks could contribute to reduce their erosive potential. However, a recent review paper showed that fluoride admixtures to acidic solutions in a concentration excluding toxicological side effects seem unable to arrest erosive lesions.[@b22-0010010] However, other studies have shown that beverage modification by addition of calcium is efficient in preventing erosion.[@b23-0010010],[@b24-0010010]

Of special interest is Guaraná, a typical Brazilian carbonated soft drink. The extract of Guaraná is obtained from the dried seeds of Amazonian liana Paullinia cupana (Sapindaceae) and has a wide reputation as a stimulant beverage or nutritional supplement in conditions such as physical and intellectual stress.[@b25-0010010]--[@b28-0010010] In the present study, Guarana had the lowest erosive potential. The variables evaluated in this study cannot explain this significant decrease in the %SMHC. Thus, other components of this drink may have a protective effect against dental erosion. The seed powder is rich in caffeine and besides it also contains flavonoids, and tannins.[@b29-0010010]--[@b32-0010010] Tannins have been described as having anticariogenic properties.[@b33-0010010],[@b34-0010010] However, there is not any study relating the presence of tannins in foods and beverages to an effect on dental erosion. The oil extracted from the seeds of Paullinia cupana contains mainly oleic acid (37.4%) and cis-11-octadecenoic and cis-11-eicosenoic acids (30.4 and 38.7%, respectively).[@b35-0010010] These lipids could form a protective layer over the teeth, thus reducing the erosive potential of the drink.[@b36-0010010] In situ and clinical studies are required to evaluate the erosive potential of Guaraná.

CONCLUSIONS
===========

The present study showed that the five soft drinks caused surface softening of enamel (erosion). In respect to the chemical characteristics tested, despite not statistically significant, the pH seems to have more influence on the erosive potential of these drinks. Besides the variables tested, other variables must be taken into account in future studies, such as calcium and lipid contents, especially when developing new soft drinks, aiming at minimizing dental erosion.

###### 

Mean (SD) phosphate and fluoride concentrations, buffering capacity and baseline pH of the soft drinks analyzed.

  Drinks             Phosphate mmol/L   Fluoride mg/L   Buffering Capacity mL NaOH   Baseline pH
  ------------------ ------------------ --------------- ---------------------------- -------------
  Coca-Cola®         16.781 (0.012)     0.322 (0.014)   0.100 (0.010)                2.9 (0.1)
  Coca-Cola Light®   16.190 (0.012)     0.550 (0.012)   0.075 (0.005)                3.2 (0.0)
  Sprite Light®      0.225 (0.015)      0.561 (0.014)   0.375 (0.011)                3.6 (0.1)
  Pepsi Twist®       3.837 (0.035)      0.077 (0.002)   0.275 (0.021)                3.5 (0.1)
  Guaraná Kuat®      0.086 (0.016)      0.078 (0.005)   0.175 (0.009)                3.2 (0.1)

###### 

Mean (SD) surface microhardness of enamel blocks (SMH) before and after (SMH1) cycling and percentage of enamel surface microhardness change (%SMHC).

  Groups       Before cycling   After cycling    \% SMHC
  ------------ ---------------- ---------------- -------------------
  C            349.81 (19.35)   79.40 (15.40)    77.27 (4.30) ^ab^
  SL           348.80 (19.36)   75.15 (17.85)    78.43 (5.07) ^b^
  CL           348.64 (19.63)   95.63 (16.45)    72.45 (5.14) ^ac^
  P            348.94 (19.67)   111.58 (25.00)   67.95 (7.14) ^cd^
  G            348.94 (20.11)   116.47 (30.74)   66.65 (8.11)^d^
  All Groups   349.0 (19.23)    95.85 (27.85)    72.49 (7.66)

Values in the same column followed by distinct lower-case superscript indicate statistical significance (P\<.05)

###### 

Pearson's correlation coefficient for all groups relating the %SMHC to the variables evaluated.

  Variable   Phosphate   Fluoride    Buffer Capacity   pH
  ---------- ----------- ----------- ----------------- -------------
  %SMHC      r= 0.3399   r= 0.7739   r= 0.1400         r= − 0.8190
  P= 0.576   P= 0.125    P= 0.822    P= 0.090          
